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Abstract 


We describe herein the morpho-anatomy of the elusive brown alga Rosenvingea nhatrangensis (Scytosiphonaceae, 
Phaeophyceae) and add this species to the flora of both the Philippines and Malaysia. At present, only two Rosenvingea 
species (R. intricata and R. orientalis) have been reported from both localities. We also report on the occurrence of R. 


australis in central Philippines based on molecular phylogenetic data, thus extending its distribution to the northern 
Pacific. First time account of the morphology of R. australis sporophyte under culture conditions is also provided. 
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Introduction 


Members of the genus Rosenvingea 
(Scytosiphonaceae, Phaeophyceae) are tropical to subtropical 
brown seaweeds distinguished by their erect, dichotomous or 
alternately branched, cylindrical to somewhat compressed, 


Børgesen 


hollow thalli with plurangia forming surface sori (Børgesen 
1914, Norris 2010, West et al. 2010, Lee et al. 2014, Huisman 
et al. 2018). Branches, which are free in most species or co- 
adhering in some, along with their branching patterns are 
primarily used as taxonomic criteria for segregating the 
different taxa in this genus. Presently, there are eight known 
Rosenvingea species worldwide (Guiry and Guiry 2019): the 
generitype R. sanctae-crucis Børgesen, R. fastigiata (Zanardini) 
Børgesen, R. intricata (J. Agardh) Børgesen, R. orientalis (J. 
Agardh) Børgesen (Børgesen 1914), R. floridana (W.R. Taylor) 
W.R. Taylor (Taylor 1955), R. nhatrangensis E.Y. Dawson 
(Dawson 1954), R. antillarum (P. Crouan & H. Crouan) M.J. 
Wynne (Wynne 1997) and R. australis Huisman, G.H. Boo & 
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S.M. Boo (Huisman et al. 2018). 

The taxonomy of Rosenvingea remains problematic 
despite recent studies utilizing molecular techniques; although, 
this is understandable considering that only three species (i.e., R. 
intricata, R. australis, and R. orientalis) have been included in 
molecular studies (West et al. 2010, Lee et al. 2014, Huisman et 
al. 2018, Santiafiez et al. 2018a). Among the most interesting of 
Rosenvingea is the tropical species R. nhatrangensis, which was 
first described by Dawson (1954) from Nha Trang, Vietnam. 
The species is distinguished from other Rosenvingea based on 
its terminally rounded, short ultimate branches as well as 
plurangia that form rounded sori around hair tufts. Despite its 
supposed wide distribution in the Indo-Pacific [i.e., India (Silva 
et al. 1996), Papua New Guinea (Littler & Littler 2003), New 
Caledonia (Payri 2007), and Western Australia (Huisman et al. 
2018)], the species is rarely reported even from its type locality. 
In their survey of the benthic algae of the coast of Nha Trang, 
Abbott et al. (2002) were not able to recover R. nhatrangensis. 
Similarly, in the molecular-based survey of Lee et al. (2014) on 
the diversity of Rosenvingea from Vietnam, they only found two 
Rosenvingea species, R. intricata and R. orientalis. Tsutsui et al. 
(2005), however, reported on the occurrence of the species from 
Duong De, Nha Trang. This present study contributes to the 
understanding of the taxonomy R. nhatrangensis by describing 
the morpho-anatomy of the species based on collections from 
Puerto Galera, Philippines and Tanjong Bidara, Malacca, 
Malaysia. Additionally, we report on the occurrence of R. 
australis in the Philippines based on the molecular information 
and morphology in culture of a sporophytic thallus collected 
from Cabilao Is., Bohol. 
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Materials and Methods 


Morphological observations under stereomicroscope were 
made on specimens of R. nhatrangensis deposited at the G.T. 
Velasquez Phycological Herbarium (MSI), The Marine Science 
Institute, University of the Philippines, Diliman, Quezon City. 
Transverse sections for anatomical observations were made 
similar to those described in Santiafiez et al. (2018b), except 
these were mounted in corn syrup with a drop of phenol. 
Mounted specimens were examined under Motic BA410 
microscope, and photographed using a microscope-mounted 
camera, Moticam 580 (Motic Incorporation Ltd., Hong Kong). 
Measurements were made using ImageJ 1.50i (Schneider et al. 
2012). 

Five years ago, Heroen Verbruggen (University of 
Melbourne) gave JW a live tiny tunicate with a green algal 
endosymbiont obtained by scuba diving at Cabilao Island, 
Bohol, Philippines on 11 May 2014. The tunicate and its 
symbiont died but several algae secondarily developed in the 
culture system of JW in Melbourne and were isolated including 
unidentified greens of the Siphonocladales and Derbesiales, red 
algae including Ceramium sp., Stylonema alsidii (Zanardini) 
K.M. Drew, Haloplegma duperryi Montagne, and a small 
filamentous brown alga (culture 4843-6) identified by WJES 
with molecular data in 2018 as R. australis. This alga was 
carefully observed for four years growing in Modified 
Provasoli’s Medium (West 2005), under the following 
conditions: 18—22°C, 10:14 hr LD daily, LED lighting of lower 
intensity (2-5 umol photons m° s”) in 75x97 mm Pyrex deep 
storage dishes or 50x70 mm dishes with stationary culture. 

For observing culture 4843-6 (R. australis), a Zeiss 
stereomicroscope equipped with KL1500 LCD lighting (Schott 
AG, Mainz, Germany) and a Zeiss GFL compound microscope 
(both microscopes: Carl Zeiss AG) were used. 
Microphotography was done on both microscopes with a Canon 
G3 and figures done using Photoshop CS5 Extended. 

For molecular analyses, DNA extraction, PCR 
amplification, and sequencing of the mitochondrial cox3 and 
plastid psaA genes from R. australis followed the methods 
described in Santiafiez et al. (2018b). We did not attempt to 
conduct DNA analyses on R. nhatrangensis as, aside from being 
at least 48 years old, these have been treated with formalin. 
Based on previous experience, old and/or formalin-treated 
scytosiphonacean specimens do not yield good quality DNA 
sequence data that can be used for molecular analyses. The 
newly generated cox3 and psaA sequences of R. australis were 
aligned with published sequences of some scytosiphonacean 
taxa deposited in GenBank. Phylogenetic tree reconstruction 
using Maximum Likelihood (ML) and Bayesian analysis under 
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the GIR+I+I model also followed those described in 
Santiafiez et al. (2018b). 


Results and Discussion 
Rosenvingea nhatrangensis E.Y. Dawson 


Holotype: US 00165050 (= Dawson 11170; photograph!), 
Cua Bé near Truong Dông, Nha Trang, Vietnam (Dawson 
1954); deposited in US. 


Distribution: Vietnam (Dawson 1954, Tsutsui et al. 2005), 
India (Silva et al. 1996), Papua New Guinea (Littler and Littler 
2003), New Caledonia (Payri 2007), Western Australia 
(Huisman et al. 2018), Philippines and Malaysia (this study). 


Observations: Thalli light brown, less than 5 cm long (Figs. 
1A-B), thin-walled, sparsely branched, to three orders of 
branching. Branches to 1.2 cm wide, ultimate branches short (to 
6 mm long) and narrow (2-4 mm wide), apices rounded. In 
fertile materials, plurangia distinctly arranged in oval sori (Fig. 
1C), surrounding tufts of hairs (Fig. 1D). In cross-section, 
hollow branches bordered by a single layer of pigmented 
cortical cells (Fig. 1E), these broadly rounded to ovoid, 5-8 um 
long, 6.5—10 um wide; and 1-2 (3?) layers of large clear cells 
(Fig. 1E). Plurangia clavate, short, 8-11 um long, loosely 
arranged in vertical palisades (Fig. 1E), quadriseriate, each with 
four locules (Fig. 1F). 


Specimens examined: Philippines: MSI 2835 (A-C), 21 April 
1970, Small Balatero, Puerto Galera, Oriental Mindoro, 
collected by G.C. Trono Jr. Note: Two sheets bear the number 
code 2835; two specimens were mounted on one sheet while the 
other only has one specimen. Malaysia: MSI 12077, 17 February 
1965, Tanjong Bidara, Malacca, Malaysia, collected by H.M. 
Burkill (HMB 3759). Note: Three small specimens were 
mounted on the sheet; the largest and well-developed sample 
was included herein as Fig. 1B. 


Remarks: The habit of Rosenvingea specimens from Puerto 
Galera, Philippines we examined in this study closely resembles 
the holotype specimen of R. nhatrangensis as illustrated by 
Dawson (1954, Fig. 19b). The morpho-anatomical features of 
the specimens also suggest close similarities with the original 
descriptions of the type (Dawson 1954), except the Philippine 
specimens have shorter and thinner ultimate branches, smaller 
medullary cells, and shorter plurilocular sporangia. The fertile 
Rosenvingea specimens from the Philippines similarly possess 
the distinctive round sori characteristic of R. nhatrangensis. As 
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Figure 1. Rosenvingea nhatrangensis E.Y. Dawson. (A) Habit of specimen collected from Puerto Galera, Philippines (MSI 2835-A) 
showing branches with rounded apices. Scale bar = 1 cm. (B) Young thalli collected from Malacca, Malaysia. Scale bar = 50 mm. (C) 
Surface of fertile thallus showing oval plurangial sori surrounding a sterile center where tufts of hairs arise. Scale bar = 100 um. (D) 
Phaeophycean hairs (arrowhead) that developed from shallow depressions in the surface of the thallus. Scale bar = 25 um. (E) Transverse 
section through the fertile portion of the thallus showing hollow center (asterisk) and aggregates of short, clavate, and quadriseriate 
plurangia arranged in vertical palisades (arrowheads). Scale bar = 25 um. (F) Surface view of quadriseriate plurilocular sporangia 
(arrowheads). Scale bar = 25 um. 
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Figure 2. Rosenvingea australis Huisman, G.H. Boo & S.M. Boo. (A) One month old cultures in small and large (10 cm wide) dishes, 
shaker 70 rpm, LED 17-20 umol photons m”s"', 10:14 LD daily. Four 3—4 mm long filaments with plurangia were inoculated in each 
dish. Spore release and germination resulted in very dense growth. Scale bar = 1.25 cm. (B) Spores prefer attaching to scratch-grooves in 
glass bottom forming long dense growth streaks. Scale bar = 2.5 mm. (C) Obconical sessile elongate plurangia (15-20 um diameter and 
25-30 um long), 6—10 locule rows long and 4—6 rows across, developing from intercalary cells and branch tips. Scale bar = 17.5um. (D) 
Large masses of densely branched vegetative filaments produce elongate colorless phaeophycean hairs and large numerous pluran gia 
releasing abundant swimming spores (3—5 um long). Scale bar = 25 um. (E) Filamentous sporelings becoming 2-5 cells long in 3 d. Scale 
bar = 15 um. (F) At 5-7 d, sporelings show vigorous branching. Scale bar = 20 um. (G) Young branched thalli form phaeophycean hairs 
(to 700 um long), these developing from a basal meristem (arrow) originating from intercalary cells. Each vegetative cell has a lobed 
single plastid with at least one pyrenoid. Scale bar = 30 um. (H) Well attached thalli often have many close, somewhat coalescent 
multibranched filaments. Scale bar = 50 um. (I) Occasionally terminal cells of elongate unbranched filaments form irregularly shaped 
elongate structures that may be developing plurangia. Scale bar = 12.5 um. 


j 
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Rosenvingea intricata KM587015 (Vietnam) 

Rosenvingea intricata KM587018 (Panama) 

Rosenvingea intricata KM587011 (Mexico) 

0.84/98) Rosenvingea australis (Philippines) 

Rosenvingea australis GQ368280 (as Rosenvingea intricata, New Caledonia) 
Rosenvingea australis MG544886 (Australia) 

Hydroclathrus clathratus MF431998 (Japan) 

Hydroclathrus rapanuii MG450663 (Chile) 

Hydroclathrus tilesii MF432032 (as Hydroclathrus stephanosorus, Japan) 
Hydroclathrus tenuis KF700314 (Indonesia) 

Rosenvingea sp. KM587021 (Mexico) 

Rosenvingea sp. KM587020 (Hawai'i) 

0.981- 0.26/92 |Rosenvingea orientalis KM587019 (Vietnam) 

ose 0.94/85 || Rosenvingea orientalis (Mexico) 

Rosenvingea orientalis MG450659 (Philippines) 

Rosenvingea orientalis MG544893 (Australia) 

‘Rosenvingea intricata KF700319 (Hawai'i) 

Pseudochnoospora implexa GQ368273 (as Chnoospora implexa, New Caledonia) 
Tronoella ryukyuana MF432011 (Japan) 

Hydroclathrus minutus MF432005 (Japan) 

Colpomenia expansa HQ833780 (Korea) 
Colpomenia claytoniae HQ833783 (Korea) 
Colpomenia peregrina HQ833767 (Korea) 

Colpomenia sinuosa HQ833778 (South Africa) 


Colpomenia tuberculata HQ833773 (Mexico) 
Colpomenia ramosa JQ918789 (Mexico) 


Chnoospora minima KF700277 (Japan) 
Colpomenia ecuticulata HQ833776 (New Zealand) 

Dactylosiphon durvillei JQ918801 (as Colpomenia durvillei, Mexico) 
Dactylosiphon bullosus JQ918795 (as Colpomenia bullosa, USA) 
Dactylosiphon wynnei KF700280 (as Colpomenia wynnei, Korea) 


0.98/80 (_— =e ee binghamiae KF700317 (Korea) 
Petalonia fascia HQ833766 (Korea) 


Petalonia tenella MH854520 (Japan) 
Scytosiphon dotyi KF700322 (USA) 

Scytosiphon lomentaria HQ833765 (Korea) 

Planosiphon zosterifolius KF700318 (as Petalonia zosterifolia, Korea) 
Planosiphon gracilis KF700323 (as Scytosiphon gracilis, Korea) 
‘Melanosiphon intestinalis KM587022 (USA) 
Myelophycus simplex KF700316 (Japan) 


0.67/93 
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Hapterophycus canaliculatus KF700321 (as Scytosiphon canaliculatus, USA) 
1.0190 Pylaiella littoralis NC003055 
Chordaria flagelliformis JF796553 
Ectocarpus siliculosus FP885846 
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Myelophycus cavus KF700315 (Korea) 


Figure 3. Maximum Likelihood (ML) phylogenetic tree for members of the family Scytosiphonaceae based on cox3 gene sequences. Bayesian 
posterior probabilities (PP) and ML bootstrap percentages (BP) are shown at each node, respectively. Thickened lines indicate highly supported nodes (PP: 


> 0.98 and BP: > 95%) are indicated by thickened lines. Values <50% BP and <0.50 PP are removed. 
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Tronoella ryukyuana MF431952 (Japan) 
“Rosenvingea intricata’ DQ239784 (Japan) 
Colpomenia sinuosa AY372950 (Korea) 
Rosenvingea orientalis KM587025 (Vietnam) 
Rosenvingea orientalis KC588969 (Mexico) 
Rosenvingea orientalis MG450665 (Philippines) 
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0.73/82 
1.0/73 


Chnoospora minima DQ239773 (Japan) 
0.64/50 Colpomenia peregrina DQ239776 (Korea) 

Planosiphon gracilis DQ239786 (as Scytosiphon gracilis, Korea) 
Planosiphon zosterifolius DQ239783 (as Petalonia zosterifolia, Korea) 
Myelophycus cavus DQ239781 (Korea) 

_Myelophycus simplex AY372952 (Korea) 

Petalonia binghamiae DQ239782 (Korea) 

Petalonia fascia AY372953 (France) 

Scytosiphon dotyi DQ239785 (USA) 

Scytosiphon lomentaria AY372954 (Korea) 

Dactylosiphon bullosus DQ239774 (Canada) 


0.72/53 Ectocarpus siliculosus AY372949 (Korea) 
1.0/91 Chordaria flagelliformis AY372941 (Russia) 
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„Adenocystis utricularis AY372939 (Antartica) 


Rosenvingea australis GQ368338 (as Rosenvingea intricata, New Caledonia) 


Pseudochnoospora implexa DQ239772 (as Chnoospora implexa, Japan) 


Figure 4. Maximum Likelihood (ML) phylogenetic tree for members of the family Scytosiphonaceae based on psaA gene sequences. Bayesian 


posterior probabilities (PP) and ML bootstrap percentages (BP) are shown at each node, respectively. Thickened lines indicate highly supported nodes (PP: 


> 0.98 and BP: > 95%) are indicated by thickened lines. Values <50% BP and <0.50 PP are removed. 
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such, the specimens are herein attributed to R. nhatrangensis. 

Rosenvingea nhatrangensis remains an elusive taxon and 
reports of its occurrence in other localities remain scanty. Our 
study adds the species to the flora of the two countries, the 
Philippines and Malaysia, and we believe that the species may 
be distributed in other areas within the tropical western Pacific. 
Possibly, the species has been overlooked both in the field and 
in herbarium collections as is the case in this study. This 
scenario is also similar to that of Hydroclathrus tilesii 
(Endlicher) Santiafiez & Wynne (=H. stephanosorus Kraft in 
Kraft and Abbott (2003)), a species frequently misidentified as 
H. clathratus (C. Agardh) Howe. For example, after surveying 
the morphologies of Hydroclathrus collections deposited at the 
Herbarium of the Faculty of Science, Hokkaido University, 
Sapporo, Japan (SAP), Santiafiez and Wynne (2019) suggested 
that several specimens of H. tilesii have passed off as H. 
clathratus. As such, a more detailed survey at least on the dried 
collections of several herbaria in the region and elsewhere in the 
world would also likely yield at least new species records in 
other localities. 


Rosenvingea australis Huisman, G.H. Boo & S.M. Boo 


Holotype: PERTH 08846308-D, Cape Peron, 
Australia; deposited in PERTH (Huisman et al. 2018). 


Western 


Distribution: New Caledonia, Western Australia (Huisman 
et al. 2018), and Philippines (this study). 


Observations: Rosenvingea australis grows vigorously in all 
conditions tested as loosely branched filamentous thalli attached 
to glass or free floating at the air-water interface reproducing by 
plurangia and zoospores that recycle the same thallus. No 
unangia reproduction or differentiation into any typical tubular 
or blade stage of any Rosenvingea species was observed. 

The isolate 4843-6 grows prolifically in our culture 
facilities behaving like a contaminating marine weed. 
Nonetheless, it presented a genetic puzzle to solve, i.e. what 
was its molecular phylogeny? Initially it appeared to be of the 
order Ectocarpales in which a large widespread series of 
invasive browns are known. However, the morphological 
characters of 4843-6— openly branched filaments, 
phaeophycean hairs, typical ectocarpalean cellular details, 
numerous plurangia producing spores that recycle the same 
thallus repeatedly—offer no certain taxonomic clues. 

Since no typical Rosenvingea thallus, either tubular or 
flattened blade, was discernible in stationary culture under low 
light, it was transferred to two dish types (75x97 mm Pyrex 
deep storage dishes or 50x70 mm dishes) in high LED lighting 
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(17-20 umol photons m° s) and on a shaker at 60-70 rpm for 
one month (Fig. 2A). This resulted in no significant difference 
of morphology or reproduction. The spores (3—5 um long) have 
typical heterokont flagellation, germinate vigorously, 
preferentially seeking grooves of scratched glass and forming 
long dense rows of coalescing sporelings (Fig. 2B). Within 2-3 
d, sporelings are 2—4 cells long (Fig. 2E) and begin extensive 
branching in 5-7 d (Fig. 2F). Extensively branched filaments 
had numerous obconical, elongate, sessile plurangia (15—20 um 
wide and 25-30 um long), with many locule rows in length and 
width (Figs. 2C, D). Many phaeophycean hairs with basal 
meristems arise from intercalary cells (Fig. 2G). Spores were 
actively released in mass when filaments were placed on slides 
for microscopic observation (Fig. 2D). Loosely coalescent 
multibranched filaments (Fig. 2H) developed in some well- 
attached thalli but no defined blades or tubes typical of 
Rosenvingea developed. Occasionally, anomalous structures 
formed at tips of filament apices and resembled developing 
plurangia (Fig. 2I) but no mature plurangia were seen. 


Remarks: Our observations here are made entirely with 
cultured specimens of R. australis from the Philippines. No 
other publications on R. australis have provided detailed 
evidence from cultured specimens. Our molecular phylogenetic 
reconstruction of the family Scytosiphonaceae based on cox3 
and psaA sequence data (Figs. 3, 4) showed that our specimen 
(GenBank Accession Numbers MN224304 and MN224305, 
respectively) formed a distinct lineage together with the 
sequences of the type specimen from Western Australia and 
those from New Caledonia. 

Rosenvingea australis was a newly described species from 
Cape Peron, Western Australia (type locality) and was also 
found in New Caledonia based on genetic information (Huisman 
et al. 2018). Our report extends the distribution of the species to 
the northern Pacific, particularly in Cabilao Is., Bohol, central 
Philippines. R. orientalis from Mexico had well developed 
blades in contrast to R. australis (West et al. 2010) in which 
upright thalli did not develop. In R. australis, we did not 
observe any unangia like those of ‘R. intricata’ (Kogame et al. 
1999). Production of plurangia in prostrate sporophytic thalli is 
one of the common characters found among species within the 
‘Hydroclathrus group’ sensu Santiafiez et al. (2018a), as 
opposed to those found in the ‘Scytosiphon group’ which 
produce unangia only (Kogame et al. 1999). 


Conclusion and Recommendation 


Our current work on R. nhatrangensis provides the most recent 
taxonomic account of the species and extends its distribution to 
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both the Philippines and Malaysia. Moreover, we also report for 
the first time the occurrence of R. australis in the northern 
Pacific based solely on molecular phylogenetic information as 
well as describing for the first time only its microscopic 
sporophytic form under culture conditions. Our current work 
suggests that several seaweed taxa remain ‘hidden’ to both 
Philippine science and society primarily due to the dwindling 
number and lack of expertise on seaweed biodiversity and 
systematics research. As such, we underscore the need to 
conduct more detailed work on Philippine algal biodiversity. 
Towards this end, we encourage working on local herbaria, 
especially on old (historical) collections, as these repositories 
hold a wealth of biodiversity information such as demonstrated 
herein. We would also advocate building reference seaweed 
culture collections in order for us to account for seaweeds that 
are otherwise overlooked in field surveys and collection efforts. 
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